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ifts*sem*i*nule (di-sem'3-nyool') n. Ioissemin(ate) -i- -ule.] A repro- 
ductive plant part, as a seed, fniit, or spore, that is modified for dis- 
persal. 

dis-sen*sion (di-sen'sh^n) n. [ME dissencioun < OFr. dissension < Lat. 
dissensio < dissentire, to dissent.) A difference of opinion, esp. one 
that leads to argument or strife, 

dis-sent (di-sent') vi. -sent*ed, -sent-ing, -sents (ME dissenten < Lat. 
dissentire : dts-, apart + sentire, to feel.} 1. To differ in opinion or 
feeling : disagree. 2. To withhold approval or assent. — «, I Differ- 
ence of opinion or feeling : disagreement. 2. The refusal to con- 
form to the authority, doctrine, or usages of an established church. 
3. A justice's refusal to concur with the opinion of a majoritw — di$» 
sent'ing*ly ai/u 

dfs*sent«er <di-sen't3r) n. I. One who dissents. 2. often Dissenter One 
who refuses to accept the authority, doctrine, or usages of an es- 
tablished church, esp. a Protestant who dissents from the Church of 
England. 

ifis*sen*tient (di -scn'shdnt) adj. Dissenting, esp. from the policies or 
sentiment of a majority. — «, dissenter 1. — ^•sen'tieace n. 

<fosenting opintoo n. var. of dissent 3. 

dis«sen«tious (di-sen'shas) adj. Given to dissension. 

dis«sep*i-ment (dT-sep'p mam) n. {Lat. dissaepimentum, panition < 
dissaepire, to divide : dis-, apart + sqepire, to enclose < saepes, 
fence.) A membranous or calcareous partition berween organs or 
parts : septum. --d)s*sep'i*imHi'tal ( men'tl) adj. 

dis«ser*tate (dis'ar-iai') also dh-sert <di-surt') vi. -Iat*ed, -tat* iiig, -fates 
also -sert*ed, -sert-lng, -serts {Lat. dissertare, dissertat-, frcq. of 
disserere, to discuss : dis-, apart + serere, to connect.) To discourse 
formally. — dis'sefta'tof n. 

di$*ser*t3>tion (dis'ar-ta'shan) n. A formal, often lengthy treatise or 
discourse, esp. one written by a candidate for a doctoral degree. 

djs-serve (dis-surv') vt. -served, -Mrving, -serves To mistreat. 

dis>ser*vice (dis-sur'vis) n. A harmful action : injiwy. 

dis*sever {di-scv'ar) v. -ered. -er.iiifc -ere [ME disseveren < OFr. 
desset/rer < LLat. disseparare : Lat. dis-, apart ♦ Lat. separare, to 
separate, —see separate.] —vt. 1. To cut apart : separate, i To di- 
vide into parts. — vi. To become separated or disunited. — di$»$ev'er« 
ance. dis*sev'er*ineiit n. 

dis*si*deiice (disl-dans) «. Disagreement : dissent. 

dis*si*deilt (dls'i-dant) adj. (Lat. dissidens, dissident-, pr.part. of 
dissidere, to disagree ; dis-, apart + sedere, to sit.) Disagreeing, as 
in opinion or belief. — n. dissenter 1 . 

di5«Sfl-i*ent (di-sll'e-ant) adj. {Lat. dissiliens. dissilient-, pr.part. of 
dissilire, to burst apart : dis-, apart + satire, to leap.) Bursting apart, 
as do some ripe seed pods. 
dis*siin*i«lar (di-sim'a-br) adj. Different. — dis«siin'i>lar«ly 
dis-simo*lar*i*ty (di-sim'd-Iar'i-te) n., pi -ties 1. The qualitv of being 

unlike : difference. 2. A point of difference. 
di$*sbii<i«late (di-sim'j-lat') vt. & vi. -Iat<ed, -lat*ing. -lates (dis- + (as)- 

similate.) To make or become dissimilar. 
dis-sini-i-la»tion (dl-sTm'a-la'shan) n. I. The act or process of making 

or becoming dissimilar. 2. The process by which one of two similar 

phonemes is displaced or changed by the other; e.g., the English 

word pilgrim is derived from Latin pelegrinus, a dissimibted form 

of peregritius. 

dis<si*inHM*tude (dis'a-mil'I-tobd', tydbd') n. (ME < Lat. 
dissimilitudo < dissimilis, different : dis-, not * similis, like.) Lack 
of resemblance : dissimilarity. 

di$.$iin.u-late (di-sim'y»-lat') u -lat-ed. -lathing, -lates (ME dissimulaten 
< Lat. dtssimulare -. dis- (reversal) + simulare, to simulate.) —vt. To 
conceal (e.g., one's intentions) under a false appearance, —vi. To 
disguise one's true feelings or intentions. — dis*sim'u>la'tion n — rfo* 
sim'U'la'tive adj. — dh*siin'u*la'tor n. 

diS-si'pate Idis'a-pat') u. -paUtd, -patMng. -pates (ME dissipaten < Lat. 
disstpare, to disperse : dis-, apart + supare, to throw.) —vt. I. To 
drive away or dispel by or as if by dispersing : scatter. 2, To waste 
or squander <dissipated their inheritance> 3. To cause to lose (e.g., 
heat) irreversibly, —vi. 1. To vanish by dispersion. 2. To disappear 
by or as if by rising. J. To indulge in extravagant pursuit of pleas- 
ure : carouse. — db'si'.pat'ef. dts'si>pa'tor n. — dis'si«pa'tive adj. 

dt$*si*pat*ed (dis'p-pa'tid) adj. I. Extravagant in the pursuit of pleas- 
ure : DISSOLUTE. 2, Wasted or squandered <a dissipated fortune> 
— dis'si*pat'ed*ly adv. -^'si«pat'ed*Ress n. 

(&*$i-pa-tion (dis'a-pa 'sh^n) n. I. The act of dissipating or state of be- 
ing dissipated. 2. Wasteful expenditure or use. 3. Dissolute indul- 
gence in pleasure : intemperance. 4. A diversion. 

db;SO*cia*ble (di-s6'shj-bal, -she-d-b?l) adj. Capable of being disso- 
ciated : SEPARABLE. — dis«so'cia*bil'i*ty, dis*so'cia«b(e*iicss n —dis* 
tQ*vat'h\i adv, 

d»-so-d*ate (di-so'she-at', -se-) v. -at-ed^-at'lng, -ates (Lat. dissociare, 
dtssoaat- : dis- (reversal) + sociare, to unite < socius, companion.) 
— w. I. To remove from association : separate <"Marx never dis- 
sociated man from his social environment" — Sidnev Hook> 2. 




■ " - ( '.. .. • 11%. uisiduciatmg or 

state of bemg dissociated. 2. Chem. a. The process by which the ac- 
tion of a solvent or a change in physical condition, as in tempera- 



ture, causes a molecule to split into simpler groups of atoms or iom. 
b.The separation of an electrolyte into ions of opposite charge l 
Psychol. A defense mechanism in which anxiety-provokbi. 
thoughts, emotions, or physical sensations are separated fromilj 
rest of the psyche. 
dis-sol*u>ble (di-sol'ya-baOad^p. (Lat. dissolubilis < dissohere, todij. 
solve.) Capable of being dissolved. — dis'sol-u*NI'i*ty,db*sol'i|.ME. 
nessn. 

dis-SO-lute (dis'^-loot') adj. (ME < Lat. dissolutus, p. part: of 
dissohere, to dissolve.) Lacking moral restraint : profligate. 
^dis'so-hite'ty adv. ~dis'so*lute'iie$s «. 
dis*SO-lu*fiOQ (dis'a-loo'shsn) n. \. Disintegration into component 
parts : DECOM[»osmON- 2. Lack of moral restraint. 3. Termination or 
extinction by deconcentration or dispersion. 4. Death. 5. Annulment 
or termination of a formal or legal bond, tie, or contrart. 6. Formal 
adjournment or dismissal of an assembly or legislature. 7. Rediic 
tion to a liquid form. — dis'$o«hl'tive adj. 
diS'SOtve (dl-zolv') v. -sohred, -sob*ing, -soh/es (ME dissolven < Lai 
dissohere : dis-, apart + solvere, to release.) — vt. 1. To cause to paa 
into solution <dissohe instant coffee in water> 2. To reduce to liq- 
uid form : MELT. 3. To cause to disappear : dispel. 4. To separate mto 
component parts : disintegrate. 5. To bring to an end by or as ii 
by breaking up : ter.minate. 6. To dismiss (e.g., an assembly orki- 
islature ). 7. To affect emotionally. (L To cause to lose definition : tun 
< "Morality has finally been dissohed in pity" — Leslie Fiedler>l 
Law. To render null : abrogate, —vi. 1. To pass into solution: I'ti 
melt. 3. To disperse or break up. 4. To become disintegrated. 1^6 
be moved emotionally Kdissohed in icars> & To lose definition or 
daritj' : fade away. 7. To shift shots in a film or videotape by having 
one shott fade out while the next simultaneously grows clearer."-^ 
A transition in a film or videotape made by dissolving. ^•^Hfis^solv'a' 
ble adj. — dis*sofv'er n. ..^^ 
dis«Sol*vent (di-zoi'vant) n. A solvent. — dis'sol'veftt adj. - ^ 
dt$*so-nante (dis'a-nans) also dis-so*naji*cy (-nan-se) n. 1. A h^rsh$ 
unpleasant combination of sounds : discord. 2. Lack of agreeiSSr 
: conflict. 3. Mus. A combination of tones conventionally heflj^ 
suggest unrelieved tension and to require resolution. 
dis>so*nant (dis'»-ndnt) adj. (ME dissonaunt < OFr. dissonant < % 
dissonans, pr.part. of dissonare, to be dissonant : f/ts-,*apar|f 
sonare, to sound.) I. Harsh or unpleasant in sound : DlscORulfl^^ 
2. Disagreeing : confliaing. 5. Mus. Constituting or producing! Sfe 
sonance. — (fis'so*naat*lvddu 
dis*siiade (di-swad') vt. -suad*ed. -stiad*iqg, -soades [Lat. dissucMh 
dis- (reversal) + suadere, to advise.) To discourage or deter 
course of action or intention by exhortation or persuasioni*"-^^ 
stiad'ern. 

lfis*Sua»sioii (dl-swa'zhan) n. (Lat. dissuasio < dissuadere, to^ 
suade.) The aa or an instance of dissuading. — dts*sua'nve adj!'- 
sua'sive*ly a^f. — dis«sua'shre*ness /I. 
dis*syl*la*ble (di-sTI'a-bal, dis'sTI-, dT'sil'-) n. var. o/oisylUb-j, 
iri$*syro*ine*try (dis-sim'i-tre) w.. pi. -tries Lack of symiw 
— dis'syin*roet'ric (di'si-mct'rik), dh'sym>Riet'ri-cal adj. -^'l 
met^ri«caMya^i/. ; 
dis-taff (dIs'taP) n. (ME distaf< OE dist^ef ; dis-, bunch of fUx^ 
staff.) I. A staff having a cleft end that holds the unspun flax,'^ 
or tow from which thread is drawn in spinning by hand. 2. Kyij 
an's work and domain. 3. Women as a group, 
distaff side n. The maternal branch or female side of a family. , 
dis«tal (dis'tsi) adj. (dist(ant) + -al.) Anat. Located far from thi.^, 

gin or line of attachment, as a bone. — dis'taMy adv. 
(fis*tance (dts 'tans) n. \. The fact or condition of being apart \n.^ 
or time. 2a. A nonncgative number designating the magnitud^itgl 
path along a straight line or curve, b. The length of a line se| 
joining two points, c The length of the perpendicular from a 
point to a given line. 3. The interval separating two specifiu.-_ 
stants in time. 4. The extent of space between points on a lin^ 
measured course. 5a. The degree of deviation or difference that Sf 
rates two things in relationship <the distartce between 4iberaJ^ 
conservative> b. The degree of progress between two poin " 
course or trend. 6. A stretch of linear space without definite _ 
7. A point removed in space or time. 8. Aloofness of manner^ 
SERVE, —vt. -tanced. -laiK^iqg, -tanc-es l- To place or keep at. 
tance. 2. To cause to appear at a distance. 3. To leave far bel 
outstrip. 

dis*tailt (dis'tant) adj. |ME distaunt < OFr. < Lat. distans, pr.p, 
distort, to be remote : dis-, apart + stare, to stand.) I. Apart or 
rate in space or time. 2. Far removed in space or time <the di 
future> 3. Located at, coming from, or going to a distance << 
travels> 4. Remotely related <a distant cousin> 5. Of or relai 
mental distance or absent-mindedness <a distant reveric> 
served in manner : aloof. — <fis'tant-ly adv. 
di$*ta$te (dis-tast') n. Dislike or aversion. — vt. -tast*ed, -ta$t»ingi 

Archaic. 1. To fee! repugnance for. 2. To offend. 
dis*taste«fut (dis-tast 'fal) adj. la. Disagreeable or unpleasant <th 
tasteful job of laying off workcrs> b. Objectionable or offc 
<distasteful magazines> 2. Expressing distaste <a distasteful 
— dB*taste'fiil*ly adv. — dis*la$te'fiil*fiess «. 
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^•tefll-per< (dis-tem'psr) «. l.ME distemperen, i(» up: 
of the humors < OFr. destemprer < Med. Lai. di.^tc 
dis- (reversal) ♦ Lat. temperare, to temper.) la. An ii 
disease occurring in certain mammals, esp. dogs, ma 
appetite, a catarrhal discharge from the eyes and n 
partial paralysis and death, b. Any of various simil: 
diseases. 2. Bad temper : pf.evishnesS- 3. Soci.il or p<;l 
—vt. -pered, -per* ing, -pers To upset. 

^♦tem»pefJ (dis-tem'parl n. |.MK distemperen, to dilu 
distemperarc. —see i)iSTtMJ'F.K'. j la. A process of pai 
pigments are mixed with water and a glue-size or c.ist 
for flat wall decoration or for scenic and poster p: 
paint used in distemper. 2. .\ painting done in Jistemp 
•per-tng, -pers 1. To mix {powdered pignjents or cole 
and size. 2. To paint in distemper. 

dis*teiul idi-siendM i- -tend»ed, -tend*ing, -tends |ME J. 
distendere : dis-, apart + tende.re, to stretch.) —in. ? 
expand from or as if from internal pressure. — vt. I." 
pand by or as if by internal pressure : dilate. 2. To st 
directions : EXTEND. 

dis«ten*si*bte idi-sten's^-bsl) ad}. Capable of being di 
tai'si-bU'i-tY n. 

dis-teii*tion also dis«leii»sion (di-sten'shan) n. \ Wt dis. 
distentio < distentus. p.part. of distendere, to distei 
distending or state of being distended. 

diS*tidi (dis'tik) pi. -tkhs (Lat. distichon < 01 
distikhos, having two rows or verses : di-. two ♦ : 
verse 1 A verse couplet, esp. one used in a Lattn or 

dtS'ti'dious (dis'ii-kssl ad]. |LLat. distichus, having i 
distikhos. — see DiSTk:n.j Arranged in rvvo vertical re 
opposite sides of an a.xis. — Used of leaves. — dis'ti* 

(&S>til (di-stil') I'. Chiefly Brit. var. of dl^till. 

&-lfll (di-stiK) V. -tilledi -Ul]*ing, -tills |ME distillen < 
Lat. destillare, to trickle : t^e-. down + stUlare. to drif 
—vt. I. To subject (a substance) to distillation. 2- Tt 
tillate) by distillation. 3, To rerine or purify hv or ?. 
tion. 4. To separate or extract the essence ot <dt<till 
ofafilm> 5. To exude or give off in drops. — v. i. T< 
produced by distillation. 2. To fall or e.xude m drc 
Ue adj. 

d6>ti}*late (dis'r^-lat', -lit, dT-stil'iti n. I. The liquid c 
vapor in distillation. 2. An essence or purified form 

ft*til*b*tion (dis'tj-la'shdn) «. I. Any of various heat-i 
esses used to purify or separate a fraction of a tela 
mixture or substance, esp. the vaporization of a liqu 
subsequent collection of components by differential 
densation. 2. A distillate. 

<fat3lation cdumn n. A tall cylindrical metal shell inter 
perforated horizontal plates used to promote sep. 
cible liquids ascending in the shell as vapor. 
<fc*tiB»ef (dT-stil';ir) n. \. One that distills, as a condei 
of alcoholic liquors by distillation. 
<&*tiH-ef.y {di-stil'a-re) n., pi. -ies A plant or establi 
tilling, esp. alcoholic liquors. 
<JB.twct (di-stingkt'l adj. |ME < OFr. < Ut. disnn 
disiinguerc. to distinguish.! 1. Distinguished from a 
viDUAL <met us on three distinct days> usage: Some 
if it is sharply distinguished or set apart from othei 
acterisiic or. property is distinctive if it enables us to 
"I'ng from another. 2. Easily perceived : (:i.f.ar <a dis 
3. Unquestionable : decided <a distinct drawback^ 
i^ROBABLE <a distinct chance of rain> 5, Marked bv 
Table <a distinct achievement> — diS'tinct'ly adv. - 
^•tmc»tion MT-stlngk'shanl n. I. The act of distingi 
ENTiATiON. 2. The condition or fact of being diss 
3. A distinguishing factor, attribute, or ch 
Excellence or eminence^ as of performance, chara 
To' ^' ^ 'P*^'** feature or quality conferring supc 
' Htcogniiion of achievement or superiority : hon« 
countn- with distinction> 

"O'tllK.live tdi-stingk 'th ) adj. I. Serving to identify c 
V'J'CuiSHiNG <distinctive cattle brands> 2. Characf 
^°^tmciive regional cuisine> 3. Phoneniically relev 
^' conveying a difference in meaning, as the voici 
2"?0"ant of bit compared to pit.' — dis-tinc'tiv 

(des'tang-ga', dis'-, di-stang'ga) adj. 
«»mguer, to distinguish < OFr.) Distinguished in a| 
• ^'^[i or demeanor. 

^•"^•guish (dl-sting'gwish) J', -guished. -guish-ins, 
^'"ii^Men < OFr. disiinguer < Lar. distinguere. to 
'•0 recognize as being different or distinct, 2d. 

<distinguish a light in the window> b. To pi- 
distinguished mv child's voice in the chorus> 3a. ' 
^crent categories, b. To make noticeable : stT ai 
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CHAPTER SEVEN 

I POLYMER SOLUTIONS 



■ 

I A. CRITERIA FOR POIYMER SOLUBILITY 

h 

J The Solution Process. Dissolving a polymer is a slow process that occurs in two 
i stages. First, solvent molecules slowly diffuse into the polymer to produce a swollen 
I gel. This may be all that happens— if, for example, the polymer-polymer inter- 
1 molecular forces are high because of crosslinking, crystallinity, or strong hydrogen 
/ bonding. But if these forces can be overcome by tlie introduction of strong polymer- 
t solvent interactions, the second stage of solution can take place. Here the gel 
I gradually disintegrates into a true solution. Only this stage can be materially speeded 
? by agitation. Even so, the solution process can be quite slow (days or weeks) for 
I materials of very high miolecular weight. 

I Polymer Texture and Solubility. Solubility relations in polymer systems are more 
% complex than those among low-molecular-weight compounds, because of the size 
? differences between polymer and solvent molecules, the viscosity of the system, 
I and the effects of the texture and molecular weight of the polymer. In turn, the 
Z presence or absence of solubility as conditions (such as the nature of the solvent, 
: or the temperature) are varied can give much information about the polymer; this 
i is in fact the topic of most of this chapter. 

t From what has akeady been said, it is clear that the topology of the polymer is 
I highly important in determining its solubility. Crosslinked polymers do not dissolve, 
I but only swell if indeed they interact with the solvent at all. In part, at least, the 
I degree of this interaction is determined by the extent of crosslinking: Lightly cross- 
I linked rubbers swell extensively in solvents in which the unvulcanized material 
I would dissolve, but hard rubbers, like many thermosetting resins, may not swell 
I appreciably in contact with any solvent. 
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The absence of solubility does not imply crosslinking, however. Other features 
may give rise to sufficiently high intermolecular forces to prevent solubility. The 
presence of crystallinity is the common example. Many crystalline polymers, par- 
ticularly nonpolar ones, do not dissolve except at temperatures near their crystalhne 
melting points. Because crystallinity decreases as the melting point is approached 
(Chapter 10) and the melting point is itself depressed by the presence of the solvent, 
solubility can often be achieved at temperatures significantly below the melting 
point Thus linear polyethylene, with crystalline melting point = 135°C, is 
soluble in many liquids at temperatures above lOO^C, while even polytetrafluo- 
roethylene, T„ = 325°C, is soluble in some of the few liquids that exist above 
300°C. More polar crystalline polymers, such as 66-nylon, = 265°C, can dis- 
solve at room temperature in solvents that interact strongly with them (for example, 
to form hydrogen bonds). 

There is little quantitative information about the influence of branching on sol- 
ubility; in general, branched species appear to be more readily soluble than theu" 
linear counterparts of the same chemical type and molecular weight. 

Of all these systems, the theory of solubility, based on the thermodynamics of 
polymer solutions, is highly developed only for linear polymers in the absence of 
crystallinity. This theory is described in Sections C and D. Here the chemical nature 
of the polymer is by far the most important determinant of solubility, as is elucidated 
in the remainder of this section. The influence of molecular weight (within the 
polymer range) is far less, but it is of great importance to fractionation processes 
(Sections D and E), which yield information about the distribution of molecular 
weights in polymer samples. 

Solubility Parameters. Solubility occurs when the free energy of mixing 

AG = AiY - rA5 

is negative. It was long thought that the entropy of mixing A5 was always positive, 
and dierefore the sign of AG was determined by the sign and magnitude of the heat 
of mixing A//. For reasonably nonpolar molecules and in the absence of hydrogen 
bonding, ^H is positive and was assumed to be the same as that derived for the 
mixing of small molecules. For this case, the heat of mixing per unit volume can 
be approximated (Hildebrand 1950) as 

A// = i;,i;2(8i - 82)^ 

where v is volume fraction and subscripts 1 and 2 refer to solvent and polymer, 
respectively. The quantity 8^ is the cohesive energy density or, for small molecules, 
the energy of vaporization per unit volume. The quantity 8 is known as the solubility 
parameter, (This expression for the heat of mixing is one of several alternatives used 
in theories of the thermodynamics of polymer solutions; in Section C, ^H is written 
in a different but equivalent way.) 

The value of the solubility-parameter approach is that 8 can be calculated for 
both polymer and solvent. As a first approximation, and in the absence of strong 
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